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WIND-TUNNELINVESTIGATIONOF EWFECTSOFGROUNDPROXIMITY

ANDOF SPLITITJ!YSONTHELATERALSTABIHTY

DERIVATIVESOFA 60° DELTA-WING

MODELOSCILLATINGINYAW

~ won M. Jaquet

An investigationwas“madeintheLangleystabilitytunnelto deter-
minetheeffectsoftheproxhityofthegroundandof splitflapsonthe
lateralstabilityderivativesofa 60°delta-wingmodeloscillatingcon-
tinuouslyinyaw. Themodelwastestedat groundpositionsbetween0.30
and1.25meanaerodynamicchordlengths.Theresultsoftheinvestiga-
tionindicatedthattheadditionof splitflapsto themodelproduced
changesinalltheoscillatorystabilityderivativesmeasured,whereas
theproximityofthegroundproducedsignificantchangesonlyinthe
directionalstabilityofthecompletemodel.Theproximityoftheground
decreasedthedirectionalstabilityofthecompletemodelwithandwith-
outthesplitflapsandthisdecreasewascaused%y a reductioninthe
tailcontributionas thedistancebetweenthemodelandthegroundwas
decreased.Withthefkps deflectedandforratiosofthedistance
betweenthemodelandthegroundto thewingmeanaerc@mamicchord
greaterthan0.50,theccmrpletemdel hadgreaterdirectionalstability
inthepresenceofthegroundthanthecompletemodelwithoutflapsand
notinthepresenceoftheground.

INTRODUCTION

Theeffect,boththeoreticalandexperimental,of theproxitityof
thewound onthelongitudinalcharacteristicsofairplaneshasbeen
knownfora numberofyesxs(ref.1) and,morerecently,thiseffecthas
beenthesub~ect,ofinvestigationsforswept-wing(ref.2) anddelta-
wing(refs.3 andk) models.Essentiallyno informationis available,
however,ontheeffectsofgroundonthelateralstabilitycharacter-
isticsofairplanes,especiallyforfightertypeshavingdeltawings.
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Thepurposeofthepresentinvestigation,therefore,wasto deter- *

minetheeffectsoftheproximityofthegroundonthelateralstabil~t
characteristicsofa 600delta-wingmodel._~withandwithoutsplitflapsY P_
oscillatingcontinuouslyinyaw. A numberofgrounddistances,varyi-hg
from0.30wingmeanaerodynamicchordto 1.25wingmeanaerodynamic
chord,wereinvestigatedata Machnumberof0.13anda Reynoldsnumber

—

of1.6x 106,basedonthewingmeanaerodynamicchord.
-.

SYMBOLS

Thedatapresentedhereinareintheformofderivativeswithrespect
toangulardis~lacement,velocity,andaccelerationof coefficientsof-
rollingandyawingmomentsandarereferredto thestabilitysystemof

showninfigure1. Thecoefficientsandsymbolsareas follows:

rolling-momentcoefficient,Rollingmcment.“L

yawing-moment

span,ft

area,Sqft

%@l#+’J

coefficient,Yawingmoment
q&@w

localchordparalleltoplaneof symmetry,ft

J

b/2 a
meanaerodynamicchord,2

E o Cw

pvmf
-ic pressure,~, 113/sqft

massdensityofair,slugs/cuft

free-streemvelocity,ft/sec

angleofattackofreferencep~e, deg

angleof sideslip,degorradiansas noted

rateofchangeofside~lipwith-time,radians/see

angleofyaw,radtem

-.

?

.
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d i rateof chsmgeofyawwithtime,radians/see

r yawingangularvelocity,j,
●

$ yawingangulsxacceleration,

k reducedfrequencyparameter,

radians/see

~, radianO/sec/sec

Ubw
z

u). circularfrequencyof oscillation,Mf, radians/see

f frequencyof oscillation,cps

Y spanwisedistancemeasuredfromandperpendicularto
symmetry,ft

h perpendiculardistancefrommomentcenterto ground,

2vm

dcn
%

=—
a.!$

co

dc.

3

planeof

ft

dcn

2vm
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dcz
Cq =

$b2w
d—
4vm2
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v

dcn
C%= _-#_

d~
4vm2

Subscripts:

t incrementin

w wing

u denotesthat

Themodelusedin

.—

derivativedueto verticaltail

parameterwasmeasuredunderoscillatoryconditions.JJ-

MODELANDEQUIPMENT s

Model *

thepresentinvestigationconsistedofa 3-percent-
thick600deltawingmounte~ina midposit~onona circularfuselageof ““”
finenessratio9. A verticaltailofaspectratio2.18ww mountedso
thatthetrailingedgewascoincidentwiththefuse~gebase. SPlit
flaps(deflected45° downat thetrailingedge)havinga totalareaof
12*percentofthetotalwingarea~d a c.onst@chordof15 ?wf=t. of -.

th;meanaerodynamicchordwerelocatedonthemodelas indicatedin
figure2. AdditionalcharacteristicsofthemodelaregivenintableI.
Thefuselagesmdtailwereconstructedoflaminatedbalsawithfiber-
glassskin.Hardwoodplugswerewed wherefasteningswerenecessary.

.

he
had
and

wingwasconstructedoflsmin&edbalsawitha fiber-glass,skinand
—

twosprucesparsthatwereper_@endic@to theplaneof symmetry
weregluedtoan aluminum-alloymountingplate; .

GroundBoard

Thegroundboard(fig.3(a))wasconstructedofpljwoodandhad
four2-by 4-inchbracesextendinginthestreamdirectionontheside ,
awayfromthemodel(fig.3(b)). Thegroundboardwassupportedfrom -
thetunnelceilingby fourpillars(fig.3(b))whichwereadjustable w
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inheight.In
whichdoesnot

boarddirectly

orderto insurea minimumthiclmessoftheboundsrylayer,
existalongtheground,a slot12 incheswidespannedthe

8
belowthemomentcenterofthemodel.Inaddition,a 2-

inch-chordf~p wasdeflected600to insurea pressuredifferential
acrosstheslot.Theboundary-layerthicknesswasnotmeasured.The
leading-edgeradiusoftheboardwas3/4inch.

TunnelandOscillationApparatus

Thetestsweremadeinthe6- by 6-foottestsectionoftheLangley
stabilitytunnel(ref.5) withthewallsat zerocurvature.

Theequipmentusedtooscillatethemodelis showninfigure3(c).
Basically,thisequipmentisthesameas thatusedfortheinvestigation
ofreference6 exceptforthesubstitutionofyulleysandV-beltsfor
thegearreductionunit. Theconnectingrodwaspinnedtoan eccentric
ontheflywheelandtransmitteda sinusoidalyawingmotionto themodel.

RecordingofData

Therecordingofdatawasaccomplishedby theequipmentdescribed
indetailinreference7. A partofthisequipmentwasa sine-cosine
resolverwhichwasattached,througha thinshaft,totheflywheeland
modifiedtheoutputsignalsfromtheresistance-typestraingagesused
tomeasuretherollingandyawingmomentssothatthemeasuredsignals
wereproportionalto thecomponentsofthegagesignalswhichwerein
andoutofphasewiththemotion.Thesesignalswerereadvisuallyon
a highlydampeddirect-currentmeter;andthereadings,whenmultiplied
by theappropriateconstant~,gavetheaerodynamicderivatives:

(Thesederivativesareobtainedfrcmequationsidenticalto thoseof
ref.8.)

Theeffectsofmodelinertiawere,of course,eliminatedby sub-
tractingthewind-offvaluesofthesederivativestiomtheirrespective
wind-onvalues.

TESTSm

Alltestsweremadeinthe6-
stabilitytunnel(ref.

of1.6X 106,basedon

CORRECTIONS

by 6-foottestIectionoftheLangley
5) at a Machnumberof 0.13anda Reynoldsnumber
thewingmeanaerodynamicchord.
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Thelateralstabilityderivativesweremeasuredforthewing-bMy
ccmibimationandthecompletemodel(bothwithandwithoutthesplit

d

flaps)withoutgroundandforthevariousgroiinddistancesshownin
figure3(a).Theangle-of-attackrangevariedwiththegroundposition c’
(thebottomofthefuselagebasewasabout
themaximumangle)sndtheangleofattack
positionsof0.75?.andgreater.

Alltestsweremadeatan oscillation

1* inchesfromthegroundat
wasa maximumof 30°forground
.— -. .—

frequencyof1+.cyclesper
‘~y of 0.0821.secondwhichcorrespondstoa reducedfrequencyparameter
2VW

Theamplitudeofyawwas24°foralltests.Thedynamicpressureat a
point~ inchesaheadofthemomentcenterwasmeasuredwiththeground

boardineachpositionwiththemodelremovedanditwasfoundthatthe
-c presswevariedfYom2k.2poundspersquirefootwithoutground
to 30.6poundspersquarefootfortheclosestgroundposition.Thedata
werereducedto coefficientformby usingthedynsmicpressurecorre-
spondingtotheappropriategroundposition.No jetboundarycorrections
wereappliedtothedatadeterminedduringthisinvestigation.

RESULTSANDDISCUSSION

ComparisonofOscillatoryandSteady-StateDerivatives

Beforetheeffectsofgound arediscussed,it isof interestto
determinethedifferencebetweenthelateralstabilityderivativesof
themodelas determinedunderoscillatoryconditionsandsteady-state
conditions,

—

&

It

—

—

Presentedinfigures4 and5 alongwiththeoscillatoryderivatives
ofthepresentinvestigationarethesteady-statederivativesobtained,
withoutground(h/5= m],fromreferences9.and10. (Themodelusedin
references9 and10andthepresentmodeldifferedonlyinthematerial
usedforconstructionandwereconstructedtothesamedimensions.)

Inthelowangle-of-attackrangethereislittledifferencebetween
thesteady-statederivativeCz andtheoscilktoryderivative

P
clJ3,u)+ k2C~i~ (fig.l(a)) forthemodelwithandwithoutthetail.

J —
For-anglesofattackabove5°theoscillatoryderivativebecomesprogres-
sivelylargerastheangleofattackisincreased.A differencebetween
thtisteady-statederivativeCn

P
andtheoscillatoryderivative

CnP,0+ k2Cn;,u(fig.4(c)) occursonlyatanglesofattackgreaterthan
6

—

k
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about20°withthe”tailoff,thevaluesof ~
P

being

(unstable). Thesedifferencesinderivativesmeasured

7

morenegative

understeadyand
oscillatoryconditionsmaybe attributableto frequencyeffectssince
thesmplitudeforwhichthederivativesweremeasuredwasapproximately
thesameforbothcases(+4°fortheoscillatorycaseand*5°forthe
steady-statecase).Similarresultshavebeennotedforsweptanddelta
wingsinreferences6 and8.

Forthecompletemodel(fig.4(c)),theoscillatoryvalueofthe
directionalstabilityisabout26percentgreaterat CL. 0° thanthe ‘-
steady-statevalue,theincrement.beingmoreorlessconstantthrough
theangle-of-attackrangeinvestigated.Thisincreaseindirectional
stabilityistheresultofan increaseinthetailcontribution(fig.6(a))
undertheoscillatoryconditions.Resultssimilarto thesehavebeen
previouslyshowninreference11fora swept-wingmodelandalsoshowam
increaseh thetailcontributionwithan increaseinthefrequencyof
oscillation.

Ithasbeenshowninreferences6 and8 that, atrelativelymoder-
ateanglesofattackina yawingoscillationabouta verticalaxis,the
oscillatoryderivativesCzr,o

- CL.
p,u and Cnr,m- cn~,uareconsid-

erablylargerthanthesteady-statederivatives%r ‘d c%’ ‘he‘f-
ferencebeingattributedto thelargemagnitudeofthe $ terms.

Thisistrueinthepresentinvestigationwherethesteady-state
cZr andoscillatoryCzrm - Cz-

$,c!.1
crossderivativesdiffergreatly

>
at anglesofattackaboveabout10°(fig.5(a)),theoscillatoryderiva-
tivesbeingmuchlargerinmagnitude,andthisistruewiththetailon
oroff. A similarsituationexistsforthesteady-state~r andoscil-

‘tov C%,u - Cnj,u dampingderivatives(fig.5(c)),thegreatest
dampingbeipgobtainedunderoscillatoryconditionswiththetailonor
off. Inreference8, theselargeoscillatoryderivativesareattribut-
ableto an incrementalmoment(rollingoryawing)whichisproducedby
flowseparationandwhichlagstheyawingmotionby a the intervalthat
isaboutconstant.

Inorderto determine

EffectofGround
,

theeffectsofthe
thelateraloscillatorystabilityderivatives

proximityofthegroundon
ofthemodel.testswere

mde inthepresenceo>thegro&dboardat distancesvaryingfrom0.30EW
to 1.25@wbetweenthemodelandthegroundandwithoutgroud,which
actuallycorrespondedto a distancebetweenthe.modeltid.theceilingof—
1.72~.-
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Theresultsofthesetestsindicatethat,exceptforthedirectional .
stabilityderivativeofthecompletemodel(fJgs.4(c)and4(d))zthe
effectsoftheproiimityofthegroundonthelateraloscillatoryderiva-
tivesarerelativelysmallandinconsistent.(Seefigs.4 and5.) The

u_

directionalstabilityparameterCnp,U
+ k2C-

% ,LOofthecompletemodel

withoutandwithsplitflapsisgenerallyreducedas”thedistancebetween
thegroundandtheycdelisdecreased,thel&gestreductionsoccurring —
atmcderateandhighanglesofattack.The~nges intheoscillatory
directionalstabilityofthecompletemodel(withandwithoutflaps)are .<

theresultofa decreaseinthetailcontributionduetotheproximity .

oftheground.(Seefig.6.) Theeffectsoftheproximityoftheground =
onthetailcontributiontotheout-of-phase_lateraloscillatoryderiva-
tivesaregenerallynegligible.(Seefig.7.)

.—-T-

EffectofSplitFlaps

Sinceithasbeenpreviouslynotedtht-thegroundeffectsonthe
lateraloscillatoryderivativeswere,ingeneral,small,thefollowing

—

discussionofflap-effectswillgenerallybe=confinedtothedataobtained -—

withoutground.Forconvenience,thesedataarereplottedh figures8
and9. *—

—
Theadditionof splitflaps(deflection45°;trailingedgedown)to

themodelproduced.anegativeincrementin -Ct *
p,0+ k2Czi~ at angles

ofattackbelowabout16°forthetail-offconfiguration~ndbelowabout
20°forthecompletemodel(fig.8(a));theincrementwasaboutconstarit‘ “—
foranglesofattackbetween0°and10°. Inthehighangle-of-attack
rangetheincrementduetotheflapswaspos+tiveornegativedepending
ontheangleofattack.Thenegativeincrementin Cl + k?ClfiUat

B,(D ,
lowangleeofattackmightbe expectedonth~basisof”~hesteady~state
resultsintheinvestigationofa 45°swept.~i~of aSpeCt ratio4
reportedinreference12. Itwasalsoshownthereinthatforshort-
spaninboardflapstheincrementwasofoppositesigninthelowangle-
of-attackrange.

Withthetailoff,thedirectionalinstabilityofthemodelwas —
increased(fig.8(b))by theadditionofthesplitflapswhereaswith ..:
thetail.-thedirectionalstabilitywasincreasedwhentheflapswere“
addedtothemodel.Thislattereffectwiththecompletemodeltends
to counteractthedecreas~indirectionalstabilitycausedby theprox- =
imityofthegound (fig.4(c))sothatwiththeflapsdeflectedthe
completemodelinthepresenceofthegroun~forgrounddistancesgreater
than h/E= 0.70 hasmoredirectionalstabilitythanwhentheflapsare

.ff_

removed(fig.4(d))andthemodelisnotinthepresenceoftheground —

(h/6= ~). ,
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& Exceptforanglesofattackgreaterthan26°,thecrossderivative
Clr~ - % ~,u (fig.9(a))becamemorepositivewiththetailon or off

9
m whentheflapswereaddedtothemodel.Themodelpossiblyexperienced

an outboardmovementofthelateralcenterofpressureat anglesof
attacknear10°;thismovementwouldresultinan increaseinthevalue
of Cz - Cz. Onthebasisofa steady-stateinvestigation(ref.13)r,u p,u”
ofa 45°sweptbackwingofaspectratio2.61,theincrementinthecross
derivativedueto flapsmaybe positiveornegativedependingonthe
flapspan.

Theadditionoftheflapsto themodel,withorwithoutthetail,
generallyresultedinan increaseinthedsmpingderivatives
c‘r,m- C%,o (fig.9(b)). Thisresultwasalsoindicatedforthe

modelusedintheinvestigationof steady-statedampinginyaw C&
inreference13 fora flapspansimilarto thatofthepresentmodel.

Ingeneral,itcanbe saidthattheadditionof splitflapsto the
mdel producedchangesinalltheoscillatoryderivativesmeasured,
whereastheproximityofthegroundtothemodelonlyproducedsignifi-

. cantchangesinthedirectionalstabilityofthecompletemodel.

i CONCLUSIONS

An investigationmadeat lowspeed,intheLangleystabilitytunnel,
to determinetheeffectsof theproximityof thegroundandof split‘
flapsonthelateralstabilityderivativesofa 600delta-wingmodel
oscillatingcontinuouslyinyawhasindicatedthefollowingconclusions:

1.Theadditionof splitflapsto themodelproducedchangesinall
theoscillatoryderivativesmeasuredwhereastheproximityoftheground
prducedsignificantchangesonlyinthedfiectionalstabilityofthe
completemcdel.

2.Theproximityofthegrounddecreasedthe’directionalstability
ofthecompletemodelwithandwithoutthesplitflaps,andthisdecrease
wascausedby a reductionofthetailcontributionas thedistancebetween
themodelandthegrounddecreased.

3. Withtheflapsdeflected,andforratiosofthedistancebetween
themodelandthegroundtothewingmeanaerodynamicchordgreaterthan

. 0.50,thecompletemodelhadgreaterdirectionalstabilityinthepresence

*
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ofthegroundthanthecompletemodelwithoutflapsandnotinthepres-
enceoftheground.

.
.

u

LangleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,V&.,May16,1957.

r

*
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TABLEI.-MODELDETAILS

.

Wing:
Aspectratio. . . . . . . . . .
Taperratio . . . . . . . . . .
Span,ft . . . . . . . . . . . .
Area,sift . . . . . . . . . .
Rootchord,ft....... . .
Meanaerodynamicchord,f% . . .
Quarter-chordsweepangle,deg.
Dihedralangle,deg . . . . . .
Geometrictwist,deg . . . . . .
Incidence,deg. . . . . . . . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Airfoilsecti&paralleltoplaneof

Splitflaps(dimensionsof one):
Area,sqft . . . . . . . . . . . .
Span,ft. . . . . . . . . . . . . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.

.

.
symnetry

. . . . .

. . . . .

Inb&rdedgelocation,percentwingsemispn.
Chord,percentwingmeanaerodynamicchord. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Deflectionwithrespecttowingchordplaneandparallel
planeof symmetry,deg . . . .

Verticaltail(toreferenceline):
Aspectratio. . . . . . . . . .
Taperratio . . . . . . . . . .
Span,ft. . . . . . . . . . . .
Area,sqft . . . . . . . . . .
Rootchord,I% . . . . . . . . .
Meanaerodynamicchord,ft . . .
Quarter-chordsweepangle,deg .
Airfoilsectionparallelto root

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .
chord

.

.

.
.
.
.
.
.
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

✎

✎

●

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Taillengthfromwingchordofmeanaerodynamicquarter
chordto tailchordofmeanaerodynamic-quarterchord,

Ratiooftailareatowingarea . . . . . . . . . . . .
Tailvolume . . . . . . . . . . . . . . . . . . . . . .

Fuselage:
Length,ft. . . . . . . . . . . . . . . . . . . . . . .
Finenessratio. . . . . . . . . . . . . . . . . . . . .
Cross-sectionshape . . . i . . . . . . . . . . . . . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

2.31

3.04:
4.005
2.635
1.758
52.2

0
0
0

. .

. .

. .
.

;0
. .

. .

. .

. .

. .

. .

. .

. .

.

.

.

.

.

.

.

.

.

.

.

.
. NACA

ft .
. . .
. . .

● ✎ ✎

✎ ✎ ✎

0.251
0.954
0.164

15

0, 45

2.18
0

1.123
0.579
1.029
0.687
34.5

65006

1.738
0.144
0.082

2.700
9.00

. . Circular
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Figurel.-Stabilitysystemofaxes.Arrowsindicatepositivecoeffi-
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